Several new visnaginone ethers were prepared and their thiosemicarbazone derivatives are synthesized. The behavior of the thiosemicarbazones in methanolic sodium methoxide and hydrochloric acid is discussed. Structures were established on the bases of elemental and spectral data studies. Some of the thiosemicarbazones were tested for their antimicrobial activity. The structures of the synthesized derivatives (5a-g,6a-g) were confirmed by means of IR, 1H NMR, MS and elemental analyses. The synthesized derivatives (5a-g,6a-g) wear subjected to the Microbiology Division, Microanalytical Center, Cairo University, (5a-g,6a-g) showed a variable degree of antimicrobial activity.
Introduction
Visnagine and its derivatives are long known to possess diverse biological activities (McClure et al., 1975 , Bruneton, 1995 ,Hishmat et al., 2002 . Various thiosemicarbazides (Achary and Rao, 1992) . and their cyclised derivatives such as triazoles (Maria et al.,1980) , Oxadiazoles (Clarcke and Roberttson,1949 ,Geissmann and Halshall,1951) , thiadizolinones (Rene and Christophe, 1977,Simonis and Rosenberg,1914) ,and thiadiazoles are also associated with a broad spectrum of biological activities that include analgesic (Clarcke and Roberttson, 1949,Rajanna et al.,1996) , antiproteolytic (Chaudhary et al.,1978) , anti-inflammatory (Middleton et al.,1994) , muscle relaxant (Geissmann and Halshall,1951) , antifungal and antibacterial activities (Harborne and Williams,2000) . It was thus of value to synthesis a number of new derivatives for biological activity screening together with a study of their behavior in buffered and acidic media.
Thus, it has been found that visnaginone 2, preparedly hydrolysis of Visnagine 1 as described in literature (Anteunis et al., 1972) . reacted with methyl iodide to give a reaction product of molecular formula C 12 H 12 O 4 corresponding to equimolecular addition of 2 to the reagent followed by the loss of one molecule of hydrogen iodide.
Results and Discussion:

Chemistry
The prepared ethers were reacted with thiosemicarbazide (4) and the behavior of the resultant reaction products towards buffered and acidic media was also investigated.
Thus, it has been found that (3a) reacted with (4) in boiling methanolic sodium methoxide solution in the presence of sodium acetate as a buffering agent to give a reaction product of molecular formula C 13 H 15 N 3 O 3 S. This formula corresponded to equimolecular addition of (3a) to (4) followed by loss of the elements of water. The band related to the presence of the acetyl-CO group was entirely absent in the IR spectrum of the reaction product and instead the bands of new NH and NH 2 groups were detected. Moreover, the 1 H-NMR of the reaction product revealed the presence of side chain-CH (s, 0.9 δ ppm), two OCH 3 groups (as two singlet's at 3.7 and 3.75 δ ppm) in addition to the aromatic-CH (s, 6.5 δ ppm), the furan H-3 (d, 6,7), the furan H-2 (d, 7.4), the NH (s, br, 7.0 δ ppm) and the NH 2 (s, br, 2 δ ppm) groups. (cf. Experimental Part). (Scheme II). Based on the above data the reaction product was formulated as 1- [(4,6-dimethoxybenzo-furan-5-yl) ethylidene]thiosemicarbazide (5a).
On performing the above reaction in methanolic HCl a product of molecular formula C 13 H 15 N 3 O 3 S was obtained. This is exactly the same formula of (5a). A much depression in the melting point was observed on admixture of a sample of the two compounds. It was thought at first that it is a matter of isomserism analogous to that previously reported for semicarbazones (Huttrer and Dale,1951 ,Martinez and Miranda,1981 ,Heilbron et al.,1923 , Spath and Gruber,1938 ,Spath and Gruber,1941 . A type of syn-and anti-forms seemed reasonable. Interconversion of isomers is relatively easy and can be achieved smoothly by heat or by acids. However, careful examination of the 1 H-NMR spectra of (5a) and the reaction product showed the absence of the signal of the NH 2 group at about 5.7 δ ppm. Argument against possible syn-anti isomerism are (a)-the close relationship between the electronic spectra of both isomers and (b)-the slow inter conversion between both isomers during running of the 1 H-NMR spectra. The observed isomerism can be explained in terms of a ring closure structure supported by the results of 1 H-NMR data.
Consequently the reaction product could be formulated as 5-(4,6-dimethoxybenzo-furan-5-yl)-5-methyl-1,2,4-triazoline-3-thione (6a).
A further support for the structure of (6a) was achieved by synthesis of the compound via another route by boiling a solution of (5a) in methanolic HCl. Compound(6a) prepared via this route was found completely identical in all aspects (m.p., mixed m.p., analysis and spectral data) as (6a) prepared as reported previously (cf. Experimental Part). (Scheme II).
Similarly, each of (3b-g) reacted with (4) to afford 1- [(4-methoxy,6-ethoxybenzofuran-5-yl) ethylidene]thiosemicarbazide (5b), 1-[(4-methoxy-6-n-propoxybenzofuran-5-yl)ethylidene]thiosemi carbazide (5c), 1-[(4-methoxy-(6-isopropoxybenzofuran-5-yl) ethylidene]thiosemicarbazide (5d), 1-[(4-methoxy-6-n-butyloxybenzofuran-5-yl)ethylidene]thiosemicarbazide(5e), 1-[(4-methoxy-6-allyloxy benzofuran-5-yl)ethylidene]thiosemicarbazide(5f),1- [(4-methoxy-6-benzyloxybenzofuran-5-yl) ethylidene] thiosemicarbazide (5g) respectively.
On the other hand, the reaction of each of (3b-g) with (4) in ethanolic HCl resulted in the formation of 5(4-methoxy-6-ethoxybenzofuran-5-yl)-5-methyl-1,2,4-triazoline-3-thione (6b), 5-(4-methoxy-6-n-propyl oxybenzyloxybenzofuran-5-yl)-5-methyl-1,2,4-triazoline-3-thione (6c), 5-(4-methoxy-6-iso-propyloxy benzyloxybenzofuran-5-yl)-5-methyl-1,2,4-triazoline-3-thione (6d), 5-(4-methoxy-6-n-butyloxybenzyl oxybenzofuran-5-yl)-5-methyl-1,2,4-triazoline-3-thione (6e), 5-(4-methoxy-6-n-allyloxybenzyloxy benzofuran-5-yl)-5-methyl-1,2,4-triazoline-3-thione (6f) And 5-(4-methoxy-6-benzyloxybenzyloxybenzo-furan-5-yl)-5-methyl-1,2,4-triazoline-3-thione (6g) respectively. The structure of (6b-g) was also established on the basis of elemental and spectroscopic data studies (cf. Experimental Part). (Scheme II).
On the other hand, compounds (5a-f) were also obtained via another route. Visnaginone (2) reacted with thiosemicarbazide hydrochloride in boiling methanol in the presence of anhydrous sodium acetate to give visnaginone thiosemicarbazone (7) whose structure was based on elemental and spectral data (cf. Experimental Part). (Scheme II). Compound (7) could, in turn, be reacted with the appropriate aryl or aralkyl halides in the usual manner followed by basic hydrolysis (to hydrolyses any N-alkyl derivatives which may be formed) to furnish the corresponding (5a-f) with m.ps. and mixed m.ps, analytical and spectral data as those previously prepared via the first route. (Scheme II). Finally , A start compound that undergoes hydrolysis which react with aralkyl halide to form a novel compounds (3a-g). This compounds react with thiosemicarbazone. the compounds (6a-g) form a new compounds have a new ring led to clear the antimicrobial activity, showed a variable degree of antibacterial activity against E. Coli and S. aureus.
Antimicrobial activity
The antibacterial and antifungal activities of the newly synthesized compounds were also carried out (in the Microbiology Division, Microanalytical Center, Cairo University) using the Diffusion Plate Method, DPM (Solomons and Doorenbos,1974,Vargha et al.,1949) . A bottomless cylinder containing a measured quantity of the sample (1 mL, 20 mg/mL) is placed on a plate (7 cm diameter) containing a solid bacterial medium (nutrient agar) or a fungal medium (Dox's medium) which has been heavily seeded with the spore suspension of the test organism. After incubation (24 h for bacteria and 5 days for fungi), the diameter of the clear zone of inhibition surrounding the sample is taken as a measure of the inhibitory power of the sample against the particular test organism ( % inhibition = sample inhibition zone (cm)/std. inhibition zone (cm) x 100). All measurements were done in DMSO as a solvent which has zero inhibition activity. The obtained results were compared with reference antibiotic that were purchased from the Egyptian market (Amoxicillin trihydrate). As shown from the Table I , all tested compounds were found to low exhibit activity against each of Escherichia coli and Staphylococcus aureus microorganisms with respect to the used reference amoxicillin. The highlight is that the four compounds 6c, 6d, 6e and 7 were more effective with comparison to standard from other compounds. The antifungal activity of all the tested compounds was found to be negative results.
Structural activity relationship (SAR)
The structural activity relationship (SAR) of newly synthesized compounds 5a-g, 6a-g and 7 explored the importance of the planer bicyclic benzofuran system in antibacterial inhibition activity in vitro. In general the presence of lipophilic function (LF) at position 6 such as methyl, ethyl, propyl, allyl and benzyl groups had low effect on the antibacterial activity. Also, there is difference in the biological profile between thiosemicarbazone derivatives 5 and triazole derivatives 6, which proof that benzofuran moiety is the main part in the biological activities and/ or the active site of receptor is too big. Finally, all the tested compounds showed no activity against A. flavus and C. albicans fungi.
Experimental
Melting points were measured with a Gallenkamp apparatus and are uncorrected. IR spectra were recorded on Bruker Vector 22 FTIR spectrophotometer. 1 H-NMR spectra were determined in DMSO-d 6 and CDCl 3 at 300 MHz on Varian Mercury VX spectrometer using TMS as an internal standard. Chemical shifts are expressed as δ ppm units. Mass spectra were recorded on GC-MS QP 1000 EX spectrometer at 70 eV. Elemental analyses were carried out at the Microanalytical Center of Cairo University. In all the 1 H-NMR spectra (*) means that the signal is lost after D 2 O exchange.
Synthesis of the alkyl and aralkyl ethers (3a-g):
General Procedure A solution of visnaginone (2, 10 g) in methanolic sodium methoxide (1.15 g sodium metal in 50 ml methanol) was heated under reflux on the steam-bath for 5 minutes. To this solution, the equimolecular amount of the alkyl or aralkyl chloride was added gradually and heating was continued until the reaction mixture became either neutral or acidic to litmus. The solvent was distilled off, and the residue filtered off, washed with 5% aqueous sodium hydroxide and then water until alkali-free. The reaction product was then crystallized from methanol to give (3a-g).
The IR spectrum of the reaction product showed the absorption band of acetyl-CO group at (1720 cm -1 ) in its IR spectrum. Its 1 H-NMR spectrum revealed the presence of 2.55 (3H,s, acetyl-CH 3 group), 3.73 (6H, s, two CH 3 O groups), 6.6 (1H,s, aromatic-CH), 6.66 (1H, d, furan H-3) in addition to furan H-2 as a doublet at 7.52 δ ppm). The reaction product could then be formulated as 1(4,6-dimethoxyben-zofuran-5-yl) ethanone (visnaginonemethylether, 3a) .
In a similar manner, there could be obtained 1(4-methoxy-6-ethoxyenzofuran-5-yl) ethanone (visnaginone-ethyl ether, 3b), 1(4-methoxy-4-n-propoxybenzofuran -5-yl) ethanone(visnaginone-n-propyl ether ,3c),1(4-methoxy-6-isopropoxybenzofuran-5-yl) ethanone(visnaginone-isopropylether, 3d), 1(4-methoxy-6-n-butoxyxybenzofuran-5-yl)ethanone(visnaginone-n-butylether,3e), 1(4-methoxy-6-allyloxybenzofuran-5-yl)ethanone (visnaginone-allyl ether, 3f) and 1(4-methoxy-6-benzyloxy-benzofuran-5-yl) ethanone (visnaginone-benzyl ether, 3g).
The structure of each of (3b-g) was also established based on elemental analyses and spectral data studies. The mass spectrum of (3f) gave m/e = 246 (100%) which is the exact mass required for the formula C 14 H 14 O 4 assigned for the compound (cf. Experimental Part).
It has been found that the alkyl and aralkyl ethereal groups at position 6 in each of (3a-g) underwent preferential cleavage on boiling their solutions in acetic-hydrochloric acid mixture for 5 minutes. Visnaginone was the only isolated reaction product in all cases, although the isopropyl ether derivative was the first to be cleaved after two minutes only (TLC monitoring, cf. Experimental Part).
A positive ferric chloride test was found to be +ve after the cleavage process in each case. 1-(4-methoxy-6-propoxy-1-benzofuran-5-yl)ethanone (visnaginone-n-propylether, (3c):
was separated as yellow oil with b.p. 218°C (4 mm) which solidified on standing to pale yellow crystals with m.p. and mixed m.p. 38°C. (Anteunis et al.,1972) .
1-(4-methoxy-6-(propan-2-yloxy)-1-benzofuran-5-yl)ethanone (visnaginone-isopropylether, (3d) was separated as yellow oil with b.p. 205°C (1.5 mm) which solidified on standing to pale yellow crystals with m.p. and mixed m.p. 35°C. (Anteunis et al.,1972) .
1-(6-butoxy-4-methoxy-1-benzofuran-5-yl)ethanone (visnaginone-n-butylether, (3e) was separated as yellow oil with b.p. 225°C (5.5 mm) which solidified on standing to pale yellow crystals with m.p. and mixed m.p. 42°C. (Anteunis et al.,1972) .
was separated as yellow oil with b.p. 215°C (3.5 mm) which solidified on standing to pale yellow crystals (82% yield) with m. 
1-[6-(benzyloxy)-4-methoxy-1-benzofuran-5-yl]ethanone (visnaginone benzylether) (3g):
was separated as yellowish-brown oil with b.p. 230°C. (Anteunis et al.,1972) . (6.5 mm) which did not solidify on long standing.
Preferential dealkylation of (3a-g):
General Procedure :
A solution of the alkyl or aralkyl ether (3a-g), 2g in a mixture of glacial acetic acid (15 ml) and 48% HCl (3 ml) was heated on the water-bath for 5 min. and then diluted with water. The solid obtained was filtered off, washed with water till acid-free then crystallized from methanol to give visnaginone in each case with m.p. and mixed m.p. 207-208°C. (Anteunis et al.,1972) .
Synthesis of the Thiosemicarbazones (5a-g):
Method A:
A solution of the appropriate visnaginone alkyl or aralkyl ether (3a-g), 2 g, methanolic sodium methoxide (prepared from the equivalent amount of sodium metal and methanol, 30 mL) and sodium acetate (1.8 g) was heated on the water-bath for 15 minutes. The solid obtained on cooling was filtered off, washed with water then crystallized from methanol to give the corresponding (5a-f), (Scheme II).
It separated from methanol as pale yellow crystals (85% yield) with m.p. 130°C, Anal. Calcd. for C 13 H 15 N 3 O 3 : C, 53.23, H, 5.15, N, 14.32, S, 10.93. Found: C, 53.40, H, 5.20, N, 14.42, S, 10.74 
Method B:
A solution of 7 (0.01 mole) in methanol (30 mL) containing sodium acetate (1.5 g) and the appropriate aryl or aralkyl iodide (0.01 mol) was heated on the water-bath for 30 minutes. The reaction mixture was heated with 20 % sodium hydroxide solution for 30 minutes then poured onto cold water. The solid obtained was filtered off, washed with water then crystallized from methanol to give(5a-g) respectively with the same physical, analytical and spectral data as (5a-g) prepared as described in method A, ( Scheme II ).
Synthesis of the 1,2,4-triazole derivatives (6a-g):
Method A:
A mixture of each of (3a-g) (0.01 mol) and thiosemicarbazide hydrochloride (0.01 mole) in methanol (30 mL) and hydrochloric acid (1.5 mL) was heated on the water-bath for 30 minutes. The solid obtained after cooling was filtered off, washed with water till acid-free then crystallized from methanol to give (6a-g) respectively:
5-(4,6-Dimethoxy-1-benzofuran-5-yl)-5-methyl-1,2,4-triazoline-3-thione (6a):
It separated as brown crystals with m.p. 161 °C (64% yield). Anal. Calcd. for C 13 H 15 N 3 O 3 S : C, 53.23, H, 5.15, N, 14.32, S, 10.93. Found : C, 53.28, H, 5.22, N, 14.44, S, 10.83 (1H, d, furan H-2) , Mass spectra, m/e = 307.
5-(4-Methoxy-6-propoxy-1-benzofuran-5-yl)-5-methyl-1,2,4-triazolidine-3-thione (6c):
It separated as light brown crystals with m.p. 157 °C (88% yield).
Anal. Calcd. for C 15 H 19 N 3 O 3 S : C, 56.06, H, 5.96, N, 13.07, S, 9.98. Found: C, 56.15, H, 5.80, N, 13.20, S, 9.80 H-NMR (DMSO-d 6 , δ/ ppm ): 1.0 (3H, s, side chain-CH 3 ), 1.1 (9H, t, CH 2 CH 2 CH 2 CH 3 ), 1.33 (9H, m, CH 2 CH 2 CH 2 CH 3 ), 1.75 (9H, m, CH 2 CH 2 CH 2 CH 3 ), 2.2* (1H, sss, br, NH), 2.3* (1H, sss, br, NH), 2.5* (1H, sss, br, NH), 3.9 (3H, s, OCH 3 ), 4.15 (9H, dd, CH 2 CH 2 CH 2 CH 3 ), 6.5 (1H, s, aromatic-CH), 6.7 (1H, d, furan H-3), 7.6 (1H, d, furan H-2), Mass spectra, m/e = 335 (68 %).
5-[4-Methoxy-6-(prop-2-en-1-yloxy)-1-benzofuran-5-yl]-5-methyl-1,2,4-triazolidine-3-thione (6f):
It separated as pale yellow crystals with m.p. 148 °C (62% yield).
Anal. Calcd. for C 15 H 17 N 3 O 3 S : C, 56. 41, H, 5.37, N, 13.16, S, 10.04. Found: C, 56.35, H, 5.20, N, 13.25, S, 10.00, IR (KBr, ): Three NH (3400, 3440, 3330), sat-CH (2980) and ring-C=S (2710). H, 5.18, N, 11.37, S, 8.68. Found : C, 61.70, H, 5.00, N, 11.25, S, 8.60, IR (KBr, ): Three NH (3450, 3410, 3350), sat-CH (2985) and ring-C=S (2700). 
Method B:
A solution of each of (5a-g) (0.01 mol) in methanol (30 mL) and hydrochloric acid (1.5 mL) was heated on the water-bath for 30 minutes. The solid obtained after cooling was filtered off, washed with water till acid-free then crystallized fr completely ide Formula Weight = 232.18892
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